Hexagonal boron nitride (h-BN) and hexagonal boron nitride-titanium diboride (h-BN-TiB2) composites are advanced materials for high-tech applications. They were investigated against gamma radioisotope sources Cs-137 and Co-60 which have gamma peaks 0.662 MeV for Cs-137, and 1.17 and 1.33 MeV for Co-60. Materials have been produced at 1800
Introduction
Hexagonal boron nitride has important properties such as high temperature resistance, thermal shock resistance, high thermal conductivity, poor wettability [1] . h-BN has many application elds in some industries which include automotive, glass, high temperature applications, cosmetic and steel industry [2, 3] . There are also some applications in nuclear technology such as in neutron detectors and neutron shielding applications [4] . There are some studies related with h-BN which commonly were studied on neutron properties [5] .
In this study, we investigated h-BN and h-BN--TiB 2 composites on their gamma attenuation behaviors. Gamma transmission technique was used in the experiments. Cs-137 and Co-60 gamma radioisotopes were used as radiation sources. The linear and mass attenuation coecients of the materials were carried out. The eects of reinforcing TiB 2 on h-BN materials were investigated.
Experimental
Gamma transmission technique is based on the geometry where source, material and detector components are put on the same axis [6] . The transmittance of gamma radiation could be calculated from the formula [7] :
where I and I 0 represent transmitted and incident gamma radiation intensity, respectively. µ is the linear attenuation coecient of the sample at a specic gamma ray and x is the thickness of the sample. * corresponding author; e-mail: buyukbu@itu.edu.tr
Then the results of gamma radiation intensities which were measured with/without sample were evaluated and interpreted. General view of gamma transmission technique and information of experimental set up geometry could be seen in Fig. 1 . The source was set away to detector at 10 cm distance for Cs-137 and 14 cm for Co-60 gamma radioisotopes and a collimator which hole diameter is 0.7 cm and length is 5 cm was set in front of the source.
Cs-137 and Co-60 gamma radioisotopes were used in the experiments as gamma sources where their half lives are 30.1 and 5.23 years, respectively [6] . Cs-137 gamma source has single energy peak at 0.662 MeV and the activity of 8.9 µCi. Co-60 gamma source has two main energy peaks at 1.17 and 1.33 MeV which has been assumed the average energy peak as 1.25 MeV [8] . The activity of studied Co-60 gamma radioisotope is 14.1 µCi. PM1401K model scintillation detector and multichannel analyzer was used in the experiments.
h-BN and h-BN-TiB 2 samples were sintered at 1800
• C under nitrogen atmosphere without pressure for 2 h. h-BN-TiB 2 materials which include 55% TiB 2 by weight have 5 × 5 cm 2 area at dierent thicknesses. h-BN samples have cylindrical shape at 5 cm diameter and 1 cm thickness. The densities of h-BN and h-BN-TiB 2 are 1.5 and 2.214 g/cm 3 , respectively. In the experiments, rstly background radiation was measured to reduce it from the all other measurements to indicate net intensities. Then I and I 0 gamma intensities for dierent sample thicknesses were measured by 600 s accumulation time. Afterwards relative intensity values (I/I 0 ) were calculated for all sample thicknesses. Finally relative intensitythickness graphs were drawn for all materials and their gamma attenuation properties were evaluated.
Results and discussion
First, the results for Cs-137 gamma source were carried out. Experimental results of h-BN and h-BN-TiB 2 composites for Cs-137 and Co-60 gamma radiation were given in Table I . By using the values from Table I the relative intensity--material thickness graphs were drawn for h-BN and h-BN-TiB 2 , in case of Cs-137 and Co-60 gamma radioisotopes have been used separately. The graphs were shown in Fig. 2 .
It could be seen from Fig. 2 that h-BN-TiB 2 composite has bigger gamma attenuation eect than h-BN for both Cs-137 and Co-60 gamma radioisotope sources. The linear attenuation coecients of the samples were carried out by using Origin program and given in Table II . In addition, experimental mass attenuation coecients (µ/ρ) of the samples were calculated and compared with theoretical values which were taken from XCOM computer code [9] . The results were given in Table III. For all the samples, the experimental and theoretical mass attenuation coecients are close to each other. The dierence percentages of the results for h-BN and h-BN--TiB 2 are between 2.19 and 8.36%.
Finally the half value layers (HVL), which mean the material thickness to reduce initial radiation intensity to its half, of the samples were calculated by using the formula [10] :
where µ is the linear attenuation coecient of the sample at specic gamma rays. HVLs of the materials for Cs-137 and Co-60 gamma radiation were listed in Table IV . As seen in Table IV , h-BN-TiB 2 has smaller HVL than pure h-BN for both Cs-137 and Co-60 gamma radiation. Adding TiB 2 to h-BN decreased HVL nearly 33% for both Cs-137 and Co-60 gamma sources.
Conclusion
The linear and mass attenuation coecients of hexagonal boron nitride and h-BN-TiB 2 materials were carried out against Cs-137 and Co-60 gamma radiation. h-BN-TiB 2 has the bigger linear attenuation coecients than pure h-BN. In addition the HVLs of both pure h-BN and h-BN-TiB 2 against Cs-137 are 6.46 and 4.429 cm, respectively. Furthermore against Co-60 HVLs of h-BN and h-BN-TiB 2 are 9.157 and 5.929, respectively. So it means that the h-BN-TiB 2 composites have approximately 33% smaller HVL according to h-BN samples for gamma radiation. Therefore adding TiB 2 to h-BN decreased the HVL of h-BN against Cs-137 and Co-60. In conclusion, beside the good neutron shielding properties of h-BN and h-BN-TiB 2 composites their gamma attenuation properties also could be taken into account if gamma shielding needs for the system.
